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Abstract 

For decades it has been postulated that the main environmental factor for coronary 
heart disease (CHD) was the intake of saturated fatty acids (SFA). Nevertheless, 
confirmation of the role of SFA in CHD through intervention trials lias been 
disappointing. It was only when the diet was enriched in n-3 fatty acids that CHD 
was significantly prevented, especially cardiac death. 

In addition to n-3 fatty acids, many other foodstuffs or nutrients such as fibers, 
antioxidants, folic acid, calcium and even alcohol contribute to prevent CHD. Thus 
the relationship between diet and CHD morbidity and mortality appears to be much 
more complex than formerly suspected considering as key factors only SFA, linoleic 
acid, cholesterol and atherosclerosis. Some of the mechanisms are briefly described, 
but many additional nutrients (or non nutrients) may also play an important role in 
the pathogenesis of CHD. 

Finally, as a result of the most recent epidemiologic studies the ideal diet may 
comprise: 8% energy from SFA, 5% from polyunsaturated fatty acids with a ratio 5/1 
of linoleic/alpha-linolenic acid+longer chains n-3, oleic acid as desired, large intake 
. of cereals, vegetables, legumes and fruits, fish twice a week, cheese and yogurt as 
dairy products, rapeseed and olive oils as edible fat. Without side effects, such a diet 
can be highly palatable, easily enjoyed by many populations and may prevent 
effectively and rapidly (within a few weeks or months) CHD, 
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Introduction 

Pathologists at the end of last century (Virchow, 
Ignatowski, Anitschkow) have observed that in human 
atherosclerotic lesions, there were large amounts of 
cholesterol deposits. When they fed rabbits with human 
food including cholesterol, they observed in arteries, 
lesions somewhat similar lo human atherosclerosis. That 
was the starting point of the diet- heart hypothesis. . 

Saturated fatty acids, cholesterol and CUD: 
epidemiology 

Cross-population studies 

Already in 1930's it was known that all populations w ith a 
high intake of saturated fats, presented atherosclerosis 
and coronary heart disease (CHD). However it was the 
Seven Countries Study 1 ihar clearly demonstrated that 
saturated fatty acids (SFA) were the main environmental 
factor for CHD. 

Moreover, I he Japan — Honolulu — San Francisco 
study 2 , confirmed rhar the relationship between the intake 
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of fat and CHD mortal ity was not due to genetic factors 
but rather to the diet per se. Many other epidemiologic 
studies (cited elsewhere 3 ) confirmed the specificity of the 
association between diet and CHD. 

In the Seven Countries Study, the most recent report 
indicates that even after 25 years follow-up 4 , the CHD 
mortality is still closely and directly related to the intake of 
saturated fats. All the individual SFA, lauric (12:0), niyrisric 
O4:0), palmitic (16:0) and even stearic acid (18:0) were 
positively and significantly related to CHD mortality (r — 
0.81 to 0.86, p < 0.001 ). Nevertheless, because the intake of 
each of the SFA was closely related to the total intake of SFA, 
it was not possible to confirm dvat all these fatty acids (FA) 
were independently related to CHD. But the results were 
clear concerning the total fat intake versus that of SFA. Only 
i he SFA were closely related to CHD. That demonstration is 
illustrated by the comparison between Crete and Ease- 
Finland, the two extreme in hard coronary events. 26 in 
Crete and 1 074 in East- Fin land Cage standardized rale per 
10 000). The total intake of fat was 40% of energy in Crete 
and 39% in East- Finland, while the intake of SFA was 8 f :.".. in 
Crete and 22% in East -Finland. 
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Fig. 1 Fatty acid composition of common fats. Rapeseed man rapeseed margarine used in the Lyon study 9,10 . SFA = Saturated fatty acids 
LA = Linoleic acid. ALA = Alpha - Bnotente acid, OLA = Oleic acid 



Within-population studies 

They have the disadvantage of a limited variation 
between individual:; in their habitual dietary intake. 
Their advantage is to be able to adjust for confounding 
factors such as blood pressure, smoking, body weight and 
others, that contribute to CHD. As reviewed recently 5 , out 
of 10 of these studies, 5 have observed a positive 
significant relationship between the intake of SFA and 
CHD including the recent Belgium study on 21 500 
subjects 6 . 

In addition, in the Western Electric Study 7 , even if CHD 
was not significantly and independently related to the 
intake of SFA, it was related to the Keys equation that 
includes SFA, polyunsaturated fatty acids (PUFA) and 
cholesterol in the diet. In the Zutphen study in Nether- 
lands, no significant relationship was found with the 
intake of SFA but there was an association with the intake 
of cholesterol 8 . Thus, it can be concluded that the 
majority of prospective epidemiologic studies have 
observed a close relationship between the intake of SFA 
(or cholesterol) and CHD. For these reasons, the intake of 
SFA should l:>e reduced to approximately 8% of energy, 
the level in Crete 1 (the greatest life expectant)' in the 
Western World), in Japan (the greatest life expectancy in 
the World) and in the recent intervention trial 9,10 in Lyon. 

Dietary fajt and CHD: experimental studies 

Atherosclerosis 

As reviewed elsewhere 11 , experimental studies have been 
conducted in animals to determine to what extent dietary 
fate, especially saturated fats, could induce atherosclerosis 
and CHD. However in many studies, saturated fats were 
associated with a high concentration of cholesterol, 
making it difficult to evaluate the specific contribution 
of the different fat!":, especially the respective role of FA. 
Results were also different depending on whether 
different natural oils were compared with multiple 
differences in the level or fatty acids as well as in their 
position in the glycerol molecule. FA in the sn-2 position 



of dietary triglycerides are preferentially absorbed 
through the intestinal wall while those in sn-1,3 position 
are released in the intestinal tract and partly excreted in 
the feces through the formation of calcium soaps 12 . Thus, 
FA in position 2 of dietary triglycerides play a crucial role 
in the metabolism and biologic effects of these FA as we 
have shown recently 13 . It may explain observations that 
did not appear logical without this knowledge. As an 
example, it may explain why lard seems to be much more 
atherogenic than reflected by its whole FA composition 
(Fig. 1). Contrarily to many other fats, more than 65% of 
the palmitic acid contained in lard is in sn-2 position. This 
palmitic acid from lard is readily absorbed and metabo- 
lized which is not the case for many other animal fats (Fig. 
2). 

To solve those problems in experimental studies in 
animals, FA were eslerified by methanol instead of 
glycerol The results obtained in rabbits indicate that 
methyl stearate was more atherogenic than methyl 
oleate 14 . 

In further studies, Kritchevsky and Tepper, to evaluate 
the atherogenic effect of individual SFA given under the 
form of natural dietary fats, interesterified corn oil with 
either 12:0, 14:0, 16:0 or 18:0. The results were fats with 
the same amount of SFA in the 3 positions of the 
triglycerides. Under those conditions in rabbit, all SFA 
were more atherogenic than com oil, the most athero- 
genic being 12:0 and 16:0. Of interest was that 18:0 was 
associated with a lower serum cholesterol than corn oil. 
but was more atherogenic. 

In addition to rabbits, many other animal species have 
been used to induce atherosclerosis. It seems that the 
most relevant to human may be the studies in monkeys. 
Among the most recent studies are those in African Green 
monkeys fed 40% of energy as fat. comparing the effect of 
lard to safflower oil (n-6 FA) or to menhaden oil (n-3 
FA) 15 . These studies confirmed that lard (saturated fat) 
was associated with higher serum cholesterol and much 
higher severity of intimal lesions than safflower and 
especially menhaden oil. 
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Fig. 2 Fatty acids in sn-2 position of common fats. Abbreviations as in Fig. 1 . In sn-2 position pork and dairy fats are very similar, extremely 
rich in SFA in sn-2 position. By ixxitrast, poultry fats have mostly OLA in sn-2 position. Thus, poultry fats may have comparable atherogenic 
effects, to that of olive oil, white pork fat and dairy fat may be very similar in terms of atherogenicity 



In conclusion, experimental studies in different animal 
species, as briefly reviewed above, seem concordant in 
that the most hyperlipidemic dietary fats, in general those 
rich in SFA, are also the most atherogenic, perhaps with 
the exception of 18:0. This is an important observation 
since it has been speculated that the intake of 18:0 may 
not be predisposing to CHD as the other SFA. The role of 
18:0 will he examined further irt relation to thrombosis. 

Thrombosis 

Atherosclerosis induced in animal studies by feeding 
saturated fats and cholesterol, was in practice never 
associated with the main human complications of 
atherosclerosis i.e. coronary thrombosis and sudden 
death. Specific studies to investigate the relationship 
between saturated fats nnd thrombosis have shown 
consistent results even if only a few Investigators have 
been involved in such studies, years ago. 

In 1965, Nordoy, using a standardized damage of the 
jugular vein, reported thai feeding hydrogenated coconut 
oil and cholesterol to rats increased the incidence of 
thrombus formation 16 . The addition to the diet of linseed 
oil rich in alpha-linolenic iKid (ALA), significantly reduced 
the incidence of thrombosis, even when thrombosis was 
initiated by injection of udenosinediphosphate (ADP) 37 . 
In 1969. Ren a ud and Godu 18 , have succeeded in inducing 
large thrombi by epinephrine or endotoxin, in rats fed a 
thrambogenic diet rich in SFA. In these studies, it was 
consistently found that thti long-chain SFA 06:0 and 18:0) 
were the most thrombogenic FA, a result similar to that 
obtained by Homstra anci Vendelmans 19 also in rat, but in 
a completely different model. In the Homstra model the 
least thrombogenic fat was cunola oil, rich in ALA 19 . 

Conn aril y to the atherogenic effects of dietary fats 
mostly related to their by perch olesterolemic effects, the 
thrombogenic effect of a fat, at least in the model used 20 , 
was neither related to its degree of saturation or its 
hype rcho test erolemic eflect. The thrombogenicity of a 
dietary fat was related to its content in long-chain SFA, 
specially stearic acid (J 8:0) rhe FA the most effective in 
inducing platelet aggregation and thrombus formation in 
rim* and iu r/Vrr\ The lendency to develop thrombosis 
in rat was closely associated with platelet hyperaggreg- 
a bill iv and a shortened clotting time essentially related to 



the platelet clotting activity, primarily dependent on the 
membrane phospholipids. Both the aggregability and the 
platelet dotting activity were related to the FA composi- 
tion of the platelet phospholipids 22 . 

In conclusion, in animals it seems that dietary SFA, 
independently of serum cholesterol, induce a tendency to 
thrombosis, at least in part through the modification of 
platelet membranes in their FA composition. In that 
connection, 18:0 may be the most damaging SFA, a result 
that has to be confirmed by human studies, directly on 
CHD, but not only on its effects on blood lipids. In the 
Lyon study 10 , the only SFA significantly lower in plasma of 
the experimental group markedly protected from CHD, 
was stearic acid. For these reasons and although further 
human studies are required in that connection, we cannot 
consider as confirmed the hypothesis that the intake of 
stearic acid is safe in relation to CHD, even if it does not 
increase serum cholesterol. 

Sudden cardiac death 

Sudden cardiac death is one of the most dramatic clinical 
manifestations of CHD associated with thrombosis 
induced ischemia. It is caused by ventricular fibrillation 
and has been reproduced in dogs 23 and rats 24 * 25 . While 
the risk of fibrillation seems to be increased in rat by 
feeding meat or animal fat, it can be prevented, both in 
dog and rat, by infusion or feeding of n-3 FA. Even in 
vilro^ on neonatal rat myocytes in cultures, addition of n-3 
fatty acids completely inhibited the calcium induced 
arrhythmia, an effect not reproduced by either SFA or 
oleic acid (OLA) 25 . In rat at least, the most efficient n-3 FA 
ro prevent arrhythmia seems to be the precursor of the 
family, ALA (18:3 n-3), as supplied by rapeseed (canola) 
oil (n-6/n-3 = 2.6), but not by soybean oil (n-6/n-3 = 
9) 2 \ This effect was not reproduced by other oils such as 
olive and sunflower oils, i.e. by other FA. The mechanism 
of rhe antiarrhythmic effects of n-3 FA, in normal and 
Ca'2+ overloaded cells, appears to be primarily by 
reducing the Ca2+ entry 26 . 

Trans fatty acids and CHD: Epidemiologic and 
experimental studies 

Trans fatty acids (TFA) can be found naturally in small 
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amounts (2-7%) in dairy products and meats, but occur 
mostly in partially hydrogenated vegetable oils. 

In the 1940's in USA, two-thirds of the visible fat 
consumed was from animal and one third from vegetable 
origin. In the 1960's, two thirds were from vegetable and 
one third from animal origin. 

These changes resulted in a significant increase in the 
level of TFA both in tub (11-28%) and in hard margarines 
(19-49%) as well as in shortenings coming from partially 
hydrogenated vegetable oils 27 . Those changes occurred 
under public pressure to reduce the intake of animal and 
other saturated fats. 

Recent evaluation of the TFA consumption in the US 
put the figure at 8.1 g/person/day 27 , even 9-6 g repre- 
senting 2-5% energy. By contrast in Europe 2a , the intake 
of TFA ranged from 1.2 g/day in Greece to 6.7 g/day in 
Iceland. It was 1.6 in Portugal, 2.3 in Finland, 2.4 in 
Germany, 2.7 in France, 2.8 in UK, 2.9 in Denmark, 4.4 
in Belgium and 4.8 in Norway. In Europe, it was only in 
Finland, Iceland, the Netherlands, Norway and UK that 
the main source of TFA was partially hydrogenated oils 
and fats. In the other countries, especially Italy, France 
and Germany, 75 to 78% of TFA were derived from natural 
animal sources (milk and ruminant fat). 

In recent years, a large prospective study on the effect 
of TFA in 85 095 female nurses was reported 29 , with 431 
cases of CHD. After adjusting for 11 confounding 
variables, the relative risk (RR) was 1.16" (95% CI 0.81- 
1.55), for the second quintile compared to the first 
quintile; 0.99 (0.69-1.43), for the third; 1.16 (0.80-1.70) 
for the fourth and 1.47 (0.98-2.20) for the fifth quintile, 
with a significant trend (p = 0.0006) for increasing risk. 
Therefore in this study, there was a significant positive 
association between the intake of TFA and CHD. 

It was further estimated 30 that an increase of 2% of 
energy from TFA would result in a 93% increase in the risk 
of CHD while a 5% increase in SFA would only result in a 
17% increase risk of CHD. Such an association has not 
been found in other studies 31 and dehates are still going 
on, on whether TFA are more harmful than SFA. 

As to the mechanism involved in the possible 
deleterious effects of TFA on CHD, all the recent clinical 
.studies indicate that TFA consumption (from 3 8 to 11.2% 
energy) is associated with increased concentration of 
serum cholesterol and LDL cholesterol, with an 
unchanged HDL cholesterol or slight decrease. At the 
s:tme time, a decrease in the ratios of LDL/HDL or serum 
cholesterol/HDL cholesterol was noted. In addition, four 
recent studies reported that TFA were increasing Lpt.u 
concentration* 1 . 

As to whether TFA influence the severity of athero- 
sclerosis in animal studies, seven different studies were 
reported hy Nieo;osi 32 in rabbits, ' pigs and vervei 
monkevs. In none of these srudies there was any increase 
in the risk of atherosclerosis whatever was the level oi 
TFA included in the diet (from 3.2% or 6.tJ% trans in the 
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diet with 14% fat given to vervet monkeys 33 to 50% TFA in 
the 17% fat diet given to pigs) 34 . Thus in experimental 
models of atherosclerosis tested, there was little evidence 
that dietary TFA caused the development of atherosclero- 
sis, even fatty streaks. Therefore, there is a striking 
difference, from the experimental point of view, between 
the atherogenic effect of SFA and that of TFA. Of course, 
negative effect does not mean that there is no effect. For 
example in the studies with monkeys 33 there was very 
little difference in serum cholesterol between the controls 
and the animals given the TFA diet. Thus in that study a 
higher level of atherosclerosis could not be expected in 
the group with TFA. On the other hand in the rabbit 
studies of Weigensberg et al. 55 the animals given TFA had 
a higher level of cholesterol in blood but the severity of 
atherosclerosis was similar to that of controls. 

As concluded by Nicolosi 32 additional studies in various 
animal models for long periods of time are needed 
because of the chronic nature of atherosclerosis. In 
addition, further experimental work should include 
effects on platelets, thrombosis and ventricular fibrillation. 

In conclusion, as emphasized by Martijn Katan 36 the 
fact that a few epidemiologic studies found a positive 
association between TFA and CHD deserves attention. 'By 
themselves these data fall far short of proving that high 
intakes of TFA promote CHD but the effects of TFA on 
plasma lipoproteins lend some credence to a causal link*. 
Nevertheless, since the intake of TFA in Europe is much 
lower than in USA, especially than in the Nurses Health 
Study 29 ' 30 , (0.5-2.1% energy vs 2 to 5%), the intake of TFA 
in Europe may not be as harmful as it has been found in 
USA. In addition, it is also a possibility that the TFA, 
derived from natural animal sources as it is the case in 
many European countries, may not be as noxious as the 
TFA resulting from oil hydrogenation, an hypothesis 
which has to be confirmed by further studies. In the Lyon 
diet heart study, TFA supplied less than 1% energy, and 
spectacular protective effects on mortality and recur- 
rences were observed 9,10 . Thus we are suggesting that 
TFA could supply up to 1% of energy, without obvious 
damaging effects. 

Nutrients with protective effects on CHD 

Polyunsaturated fatty acids (PUFA) 
The linoleic (38:2 n-6) (LA) and alpha-linolenic (18:3 n-3) 
(ALA) acids are essential for normal growth and 
physiologic functions of all tissues. These FA have double 
bonds located respectively at six (n-6) and three (n-3) 
carbon atoms from the methyl group. Men and animals 
cannor include a double bond in position n-6 or n-3 i.e. 
synthesize the corresponding FA. Thus, those two FA arc 
essential. However men and animals c;in add double 
hmids to these FA between the original double bonds and 
iht.- carboxyl group. The carbon chain can also be 
vloiignted at the carboxyl end. These metabolic processes 
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are responsible for the production of long chain (20-22 
carbon atoms) metabolites with 3 to 6 double bonds. The 
result is the formation of two FA families (n-6 and n-3), 
both essentials, competing for the same enzymatic 
systems. Thus, as already suggested 37 , they have to be 
supplied in food at a proper level, probably as a ratio of 
3—5/1, but not 10-20/1 as encountered at present in many 
countries. Those FA art: important components of 
membrane phospholipids involved in fluidity and 
deformability of membranes and even in the clotting 
activity of these membranes 38 . Among these FA, arachi- 
donic and other FA with 18 to 20 carbon atoms are 
precursors of potent mediators such as prostaglandins 
and leukotiienes. 

In addition, located in the membranes at the interface 
l>etween the extracellular and intracellular compartment, 
they may influence intracellular signaling pathways. 
Arachidonic acid and its metabolites as a second 
messenger system, activate transcription factors and 
induce the expression of earty genes as an immediate 
cellular response, that can be antagonized by the n-3 FA 
family 39 . Thus again, a physiologic balance of the two 
essential FA families has to be supplied in the food in 
relation to health in general. Because in vegetable oils, 
only LA lowers serum cholesterol as shown by many 
studies, recommendations to prevent CHD was to 
increase the intake of PUFA, essentially LA, to 10% of 
energy, by using oils and margarine containing mostly LA 
(sunflower oil, safFlower oil, corn oil). We have 
observed 40 that at a high intake, LA blocks the conversion 
of ALA in its metabolites, a result confirmed by Emken 41 
using deuterium labeled LA and ALA. 

Addition of a large amount of LA to a diet low in SFA to 
decrease serum cholesterol by 15% ns in the Minnesota 
Coronary Survey 42 did not prevent, in primary prevention, 
cardiovascular and all cause mortality. Even in secondary 
prevention, the use of soybean oil containing approxi- 
mately 60% LA and 8% ALA, was not associated with a 
protection from cardiac death both in the Leren 43 and 
Moms and Rail 44 trials. 

In rat, soybean oil did not prevent ventricular fibrillation 
(sudden death.) 25 . Only rapeseed (eanoln) oil was efficient 
for that purpose, possibly owing to its ratio LA/ALA pf 2.6/1 
compared lo 7.S/1 in soybean oil. By using rapeseed oil and 
margarine, we were able to completely prevent sudden 
death in our secondary prevention i rial 9 the ratio LA/ A LA in 
the whole diet being 5/1. Longer chain n-3 FA from fish oil 
may also prevent cardiac death to some extent as shown by 
the diet, and reinfarction trial (DART) 45 . 

in addition, recent prospective studies have shown that 
the only PUKA inversely related to CHD was ALA either on 
non-fatal 46 - 47 myocardial infarction (Ml) or on cardiac 
death***. In tlv.it connection it has been observed that the 
FA lowering platelet aggregation in man was ALA 49 but 
not LA ih:n rather increases platelet response to ADP in 
rai. monkey mid man 50 . 
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Finally, in the Lyon diet heart study 51 , in the experi- 
mental group having a much higher intake of ALA, the 
occurrence of cancers was reduced by 6l%, after a follow- 
up of 4 years. This suggests that in addition to CHD, other 
serious health problems such as cancer and inflamma- 
tion 52 , may require a change in the balance of LA/ALA. 

Concerning the long chain n-3 FA CEPA, DHA) it has 
been suggested that the low rates of CHD in Greenland 
and in Japan may be due to the high consumption of fish 
in these countries 53 . This hypothesis has been supported 
by prospective studies showing in most of them that the 
subjects with a moderate intake of fish at baseline, had a 
lower risk of fatal CHD compared to men who did not 
consume any fish 54,55 . These observations have been 
confirmed by intervention trials such as the DART 45 and 
the GISSI 56 trials on the prevention of cardiac death. 
Mechanisms involved, as reviewed by Leaf and Weber 57 , 
include a lowering of very low-density lipoproteins 
(VLDL), of thromboxane production and of blood 
viscosity associated with an increase in fibrinolytic activity 
and in prostacyclin synthesis. As already emphasized, the 
protection from sudden cardiac death may be by reducing 
the Ca2+ entry in myocytes 26 . 

In conclusion, both the n-6 and n-3 FA are essential for 
life, but have opposite effects on several systems and 
compete for the same enzymes. Thus for the prevention 
of CHD and other serious health problems, the dietary 
supply of PUFA should not be higher than 5% energy with 
a proper ratio of the two families, probably in the range of 
3-5/1 (LA/ALA+ longer chain n-3) but not 10 to 20/1 as 
frequently observed in Western countries. 

Monounsatttrated fatty acids (MUFA) 
The relative failure of LA to prevent CHD in intervention 
trials 42 as well as the possible carcinogenic 58 and 
suppressive effects on the immune system 59 have drawn 
attention to MUFA in the prevention of CHD. The Cretan 
population with the greatest life expectancy in the 
Western World 1 and the lowest risk of CHD, has an 
extremely high intake of MUFA. essentially OLA (9-cis 
18.1), as supplied by olive oil. 

Earlier studies have considered OLA as a neutral FA 60 
neither raising nor lowering serum cholesterol. This 
neutral effect also extends to all lipoprotein fractions: 
VLDL, low density lipoprotein (LDL) and high density 
lipoprotein (HDL). That neutrality should not be con- 
sidered as a disadvantage since very few nutrients can be 
considered rota! I y safe. The concept of the neutrality of 
OLA can be extended to imply its safety. In terms of 
carcinogenicity or its effect on the immune system. OLA 
emerges as one of the safest nutrients 61 . Kecent analyses 62 
suggest or confirm previous work in iliar OLA is not 
totally neutral on LDL-cholesterol. bin rather exerts a 
significant lowering effect which is half :is putenr as LA. 
Moreover OLA increases the concentration of HDL- 
cholesterol'' 3 slightly more than LA 47 . One reason for 
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OLA to be associated with a lower LDL-cholesterol is that 
OLA is the preferred substrate for the ACAT (acyl CoA 
cholesterol acyltransferase). When the liver is enriched 
with OLA, an increase in the hepatic LDL receptor activity 
is observed, resulting in a reduction in the LDL- 
cholesterol production rate and a drop in the LDL- 
cholesterol level in blood. 

In addition to have its concentration reduced by OLA, 
LDL enriched in OLA by supplement feeding in humans, 
presented lower proinflammatory properties . That study 
demonstrates that when exposed to oxidative stress, the 
LDL enriched in OLA promotes less monocyte chemotaxis 
(52% lower) and reduces monocyte adhesion by 77% 
compared with LA enriched LDL. LDL enriched in OLA 
may be less readily converted to proinflammatory 
minimally oxidized LDL, able to enhance early events of 
atherosclerosis such as monocyte chemotaxis and adhe- 
sion. Finally, OLA may enhance cholesterol efflux from 
human fibroblasts 65 . 

In addition to proactive effects on atherosclerosis per 
se, an OLA rich diet seems also to have a beneficial efFect 
on tli rom oogenesis. Compared to SFA rich diet, human 
subjects on a OLA enriched diet for 8 weeks, exhibited a 
significantly lower activation of postprandial factor VII 
and concentration o: factor VII antigen 66 . The interest in 
Factor VII is that it is positively associated with CHD 
mortality 67 and may be involved in the initiating 
mechanisms of coronary thrombosis. 

Thus considering all the positive effects for health of a 
diet rich in OLA as briefly described above, it seems 
logical that such a diet can be associated with a low 
mortality rate from CHD. Nevertheless, for the type of 
huge protection observed in Crete (95 to 98% compared 
to other countries) additional nutrients such as ALA, 
fibers, antioxidants and others may be required. Never- 
theless, because of the safety of OLA as a nutrient, its 
intake may not be restricted in a healthy diet, except 
perhaps as a risk for overweight. 

Dietary/ fiber 

As reviewed by William Connor 65 , the fiber hypothesis 
has been developed by two physicians Dr Denis Burkitt 
and Dr HC Trowell both working at Kampala, in Uganda. 
They noted that the Africans they treated had rarely 
Western diseases such as CHD, hypertension, diabetes, 
cancer and others. They speculated that the reason was 
that the African diet contained a lor of roughage that had 
been eliminated of the Western diet. 

It was discovered that soluble fibers such as pea in from 
fruits or heui-glucan in oat bran, lower serum choles- 
terol 69 . However the effect on cholesterol seems to be 
extremely modest. Thus, it has been concluded dial the 
main effect of oat b:*an consumption is to replace the high 
fat. high cholesterol foods usually consumed. 

Nevenlu-less. recent prospective studies indicate rhat a 
higher int. ike of fibers from fruits, vegetables and cereals 
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reduces the risk of mortality not only of CHD 70 , but also 
of cancer and all causes 71 . 

In Finland 72 a prospective study on 21 930 smoking 
men, followed for 6.1 years, has observed that both non- 
fatal myocardial infarction and coronary death were 
inversely related to the intake of fiber, the association 
being higher with coronary death. For men in the highest 
quintile of dietary fiber (34.8 g/day) coronary death was 
reduced by 31% (p < 0.001 for trend) compared to the 
lowest quintile (l6.1 g/day). Adjustment for confounding 
variables did not change the results. 

The conclusion was that greater intakes of food rich in 
fiber, independendy of other risk factors, substantially 
reduce the risk of CHD mortality. Soluble fibers and cereal 
fibers seemed to have the greatest effects. 

In USA 73 , on 43 757 US male health professionals 
followed for 6 years, fatal coronary disease and non-fatal 
Ml were reduced by 41% among men in the highest 
quintile of fiber intake (28.9 g/day) compared with men 
with the lowest quintile (12.4 g/day). As in Finland, 
adjusting the results for confounding variables did not 
change much the significance of the data. Also as in 
Finland, the inverse association was strongest for fatal 
CHD and the cereal fibers were the most strongly 
associated with the reduced risk of CHD. As to the 
mechanism involved, the reduction in CHD observed in 
these last 2 prospective studies is larger thnn would be 
expected from the limited beneficial effect on serum 
cholesterol, especially for cardiac deadi. A high fiber 
intake has been associated with a decrease in the level of 
insulin and an increase in insulin sensitivity 74 . Effects on 
hemostatic variables have also been reported 75 . 

Further studies are certainly required to elucidate the 
mechanisms involved in the remarkable protection 
observed in the prospective studies. Intervention trials 
seem to be required since the only intervention with fiber 
(in secondary prevention) did not observe any beneficial 
effect on CHD 45 . Nevertheless, the intake of fibers is 
cenainly not associated with adverse effects and thus, 
their consumption should not be restricted but rather 
largely encouraged. 

Antioxidants 

The renewed interest for the putative protective effect of 
antioxidants on CHD 76 comes from the Steinberg et a I. 
hypothesis suggesting that it is the uxidatively modified 
LDL that are atherogenic. Studies in rabbits show that 
atherosclerosis can be reduced by adding an antioxidant 
to the diet, an effect independent of plasma cholesterol 77 . 
Free radicals are highly reactive molecules because they 
contain an unbound electron. Jn our body, they can 
oxidize many molecules such :is lipids, especially 
unsaturated fatty acids (UFA). Under normal physiologic 
conditions, cells are protected against fret: radicals by 
enzymes t superoxide dismumse. catalase. glutathione 
peroxidase) and by antioxidants such as vitamin E {the 
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main antioxidant in membranes), vitamin C and beta- 
carotene. When the balance between the formation of 
free radical;; and antioxidant defenses is disturbed, UFA 
from LDL are oxidized. Cfccidized LDL become athero- 
genic eliciting a chemotactk response stimulating mono- 
cytes, to be transformed into macrophages and 
subsequently into foam cells. Oxidized LDL are cytotoxic 
and damage endothelial ceils, stimulating platelet aggre- 
gation and procoagulant activity 78 . Finally, the suscept- 
ibility of LDL to oxidation appears to be related to the 
severity of coronary atherosclerosis in man 79 . 

In LDL, all UFA are not susceptible to peroxidation at 
the same extent. LA appear?: to be much more susceptible 
than OLA st> . As to n-3 FA, it has been postulated that the 
long chain n-3 from fish oil CEPA, DHA) may inhibit rather 
than increase oxidative modification of LDL 81 , despite the 
number of double bonds in the molecules. 

The next step in the antioxidant hypothesis of 
atherosclerosis is to determine whether dietary antioxi- 
dant substances are inversely related to CHD. 

Prospective studies in 39 910 male health profes- 
sionals 82 and 87 245 female nurses 83 have observed that 
the incidence of CHD was about 40% lower in subjects 
who consumed vitamin E supplements. By contrast 3 
European prospective studies 94,85,86 in which vitamin E 
was supplied mostly by food, did not show an inverse 
relationship to CHD. It has been postulated that the 
prevention of CHD requires large amounts of vitamins 
difficult to get from dietary sources alone. 

Nevertheless, intervention studies with vitamin E 
supplements have not clarified further the problem. In 
the "Cambridge Heart Antioxidant Study' (CHAOS) 87 study 
on secondary prevention of CHD, 2 002 patients were 
randomly assigned co a pharmacological dose of vitamin 
E or placebo- After 17 months, vitamin E reduced non 
fatal Ml by 66% and cardiac death+MJ by 36% respec- 
tively, in such a way thfct there was a non-significant 
increase in cardiovascular death in the treated group. In 
the ATBC trial in Finland, 50 mg daily of vitamin E did not 
reduce CHD mortality or the incidence of angina pectoris 
in heavy smokers 88 . 

Thus there are considerable doubts as to whether we 
know the dose and duration of vitamin E supplementa- 
tion to effectively prevent CHD and whether a diet rich in 
vitamin F. miuhi not he more efficient than supplements. 
In that connection, it I: as been shown that a high 
concentration of vitamin £ can act as prooxidant 69 , 
especially in the absence of aqueous antioxidants such 
as ascorlxiie. and urate 90 . Polyphenols can he added as 
powerful antioxidants that also can regenerate vitamin E.- 
An example of ihu possible role of other antioxidants 
on the vitamin E slat us was the French adaptation of the 
Cretan diet 5 '. Despite a lower intake of vitamin E t the 
experimental .moup had a significantly higher plasma 
level of vitamin \L :it "in; year, related to the intake and the 
plasma iew-l ff vitamin C. Vitamin C is known to protect 
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and regenerate vitamin E 91 and the polyphenols may have 
a similar effect. Nevertheless, the intake of vitamin C was 
not inversely related with CHD, in the large prospective 
studies from Harvard 110,111 , contrarily to polyphenols in 
Netherlands 91 and Finland 93 found to be beneficial. 

To be noted Is that the Cretan cohort Cthe greatest life 
expectancy in the Western World) had with the Corfu 
cohort the highest intake of vitamins C and E of the Seven 
Countries Study 94 , out of their local food. Although there 
is absolutely no doubt that in the human diet a high intake 
of vegetables and fruits with their antioxidant compo- 
nents, is associated with a consistent protection from CHD 
and other diseases, further studies are warranted to 
evaluate under what conditions antioxidant supplements 
may have similar beneficial effects. By contrast, in all 
populations with a high intake of vegetables and fruits, as 
well as in all studies having investigated the effects of 
such diets, beneficial effects were observed not only on 
CHD but also on other diseases. Thus, a high consump- 
tion of vegetables and fruits should be encouraged by any 
means. 

Folic acid, pyridoxine (vitamin B6) 
It has been known for years 95 that an increased level of 
homocysteine in blood was associated with severe 
arteriosclerosis. Homocysteine Ls an amino acid produced 
in the metabolism of methionine, usually not detectable in 
plasma or urine. As a result of a genetic disorder, large 
amounts accumulate in plasma and urine and these 
patients die early of CHD. Even a moderately increased 
level of homocysteine in blood is associated with 
increased risk of peripheral vascular disease, CHD and 
stroke 96 . 

Enhanced platelet aggregation, endothelial damage 97 
and lipid peroxidation 98 have been postulated as possible 
mechanisms in the predisposing effect of homocysteine to 
CHD. 

To avoid accumulation of homocysteine in blood, 
homocysteine has to be converted to cysteine in a vitamin 
B6 dependent reaction or remethylated to methionine in a 
relation involving folic acid and vitamin B12. One 
efficient way to reduce homocysteinuria appears to be 
through administration of folic acid alone, or folic acid 
and pyridoxine combined 99 , in further studies, only folic 
acid or the combination with the B vitamins led to a 
significant reduction of homocysteine in plasma, but not 
vitamins B12 or B6 perse 100 . 

In a recent prospective study, Rimm et a/. 101 , have 
observed, in 80 082 nurses after 14 years of follow-up. 
that the number of non fatal MI and fatal CHD were 
reduced by 'o'Kj in the highest quintile of both folic acid 
and vitamin \\6 intake compared with the lowest quintile. 
26% of folate was supplied by multiple vitamins and the 
rest by cereals, orange juice, lettuce, eggs, broccoli and 
other vegetables and fruits. A surprising result in this 
study was that the protective effect of folate and vitamin 
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B6 was much more efficient in women consuming more 
than one drink of alcohol per day. 

It has also been reported that n-3 fatty acids from fish 
oil reduced the level of homocysteine compared to olive 
oil 102 . Thus it may be that other nutrients than vitamins 
may have an effect on homocysteine, a topic that requires 
much further studies. 

Calcium 

The interest of dietaiy calcium in relation to CHD is that in 
many countries, an inverse relationship has been found 
between hard water and the occurrence of cardiovascular 
diseases 103,104 . Thir. effect appears to be due to the 
calcium content of the waters 105 . 

In man dietary calcium is known to induce a borderline 
reduction of serum cholesterol 506 but an 18% decrease in 
triglycerides has been noted 107 . In studies on 9 groups of 
French and British farmers the intake of calcium evaluated 
by the chemical analysis of a duplicate sample of food 
including water consumed, was inversely related in 
multivariate analysis, to the level of triglycerides but not 
of cholesterol 108 . In the studies in man 108 as well as in 
rabbits 109 , the intake of calcium was strongly inversely 
related to thrombin induced platelet aggregation and 
platelet clotting activity. It seems that the intake of 
calcium was regulating the absorption of saturated fats 
and their effect on platelets. Possible mechanisms 110 
could be that dietary calcium promotes the excretion of 
SFA in the feces, especially the long chain SFA (16:0, 18:0) 
the most active to promote platelet aggregation and 
susceptibility to thrombosis in animals. 

The National Health and Nutrition Examination Survey 
in USA, showed that a low calcium intake gives rise to 
high blood pressure 111 . In the Nurses Health Study 112 , 
results obtained were similar. An intake of 800 mg 
calcium decreased the risk of high blood pressure 
compared to an intake of less than 400 mg/day. 

The National Institute of Health Continuing Medical 
Education recommends a daily intake of up to 2 OCX) mg 
of calcium per day to prevent hypertension. At that level, 
additional beneficial effects on triglycerides and platelet 
aggregation may ^>e expected in subjects with a high 
intake of SFA. Thus, in all studies evaluating the relation- 
ship between the intake of SFA and occurrence of CHD, 
the intake of cakium from food and water has to be 
considered us a confounding factor in addition to the 
other risk or preventive factors. 

Cheese are the richest foodstuffs in calcium but is also 
rich in SFA. Nevertheless. Greece and France, the highest 
consumers of cheese in the world, enjoy the highest life 
expectancy in the Western World. Studies suggest that the 
absorption of SFA horn fermented dairy products (cheese, 
yogurt...), through the formation of insoluble calcium 
salts of SPA. parrlv excreted in the feces, is much lower 
than from whole milk, a structure designed for total 
absorption of all nutrients. In the Lyon study 910 and also 
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in the Finnish experiment 113 , consumption of cheese and 
yogurt was suggested, if possible, low in fat. Thus, 
consumption of cheese seems to be compatible with a 
low mortality rate from CHD, probably through the 
beneficial effect of calcium. 

Finally, in all populations, an increased intake of 
calcium from food and water seems to be a justified 
recommendation for health. 

Alcohol 

The inverse relationship between morbidity and mortality 
from CHD and the moderate consumption of alcoholic 
beverages, has been documented by ecological, case- 
control and prospective studies involving more than 1 
million subjects 114 . Depending on the prospective studies, 
with an intake of 2 to 4 drinks per day, reduction in CHD 
mortality was of 20 to 60%. Only one study in Finland has 
shown an increase risk, whatever was the intake of 
alcohol 115 . It has to be emphasized diat in this Finnish 
study, 60% of the alcohol was spirits, that it was used for 
intoxication (binge drinking) and was followed by 
sudden death or stroke. Binge drinking of beer seems 
to have similar effect 116 since after heavy acute Intake a 
6.5 fold increase in fatal MI was observed. It is known that 
alcohol could be beneficial for CHD only if used 
moderately and spread out over the week. 

Rinun et ai, 117 found that the average number of days 
per week on which alcohol was consumed was inversely 
associated with the risk of CHD. Men who reported 
drinking on 3-4 days per week had a 34% reduced risk of 
CHD compared with men who drank on less than one 
day. Thus, to have protective effect on health, particularly 
to prevent CHD, alcohol has to be used as in the 
Mediterranean countries, mostly at rneals, through the 
week, and of course, moderately. 

A question frequendy raised is whether wine per se is 
healthier than other alcoholic beverages. On CHD as 
emphasized by Rimrn et al}* 7 t data so far do not confirm 
that wine protects more efficiently than other alcohols. In 
our recent prospective study in Eastern France 115 on 
36 250 men, we found that the protective effect of wine 
may be more consistent than that of beer. It is mosdy on 
cancer and death from all causes, at least in man, at very 
moderate intake, that wine appears to offer more 
protection than the other alcohols as also observed by 
Gronbaek cf «/. u9 ' 120 , probably owing to phenolic 
compounds such as resveratrol 1 * 1 , contained in wine. 

Concerning the mechanisms involved in the protective 
effect of alcohol, it has been associated with an increased 
level of HDL-cholesterol, independently of physical 
activity 122 . However, it seems that the effect on HDL can 
explain only ^0% of the protective effect of alcohol 123 . 

To protect from CHD ; the main target of alcohol seems 
ro be Ml ;.e coronary thrombosis rather rhan athero- 
sclerosis per >t l2A - U5 . In that connection the influence of 
alcohol drinking on platelet aggregation wa.s examined in 
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rat as well a.s in man and shown to be markedly reduced 
after moderate intake. However, under acute ingestion of 
ethanol, a rebound effect on platelet response can be 
observed that may explain the untoward effects of binge 
drinking resulting in sudden death and stroke 126 . This 
rebound effect on platelets does not seem to occur with 
wine drinking at least in rats, owing to the antioxidant 
polyphenols 127 . It is known that alcohol drinking 
increases peroxidation that appears to be related to the 
rebound effect. The polyphenols from wine impede that 
peroxidation and the untoward effects of ethanol on 
platelets 125 . 

Concerning die long-term effects of alcohol on platelets 
in man, we found in 1 600 subjects from Wales, that the 
intake of alcohol in a dose- related manner, was inversely 
associated with the response of platelets, most signifi- 
cantly secondary aggregation to ADP 128 , probably 
through thromboxane A2 production 529 . This is exactly 
what aspirin does 130 , known also for its remarkable 
protective effects on CHD 131 . Thus, it is no longer 
surprising that a moderate intake of alcohol could be 
associated with a protective effects on CHD since it 
increases the level of HDL-cholesterol at about the same 
extent as physical activity 122 , and reduces platelet 
aggregation similarly to aspirin. Nevertheless, depending 
on the type of alcoholic beverage wine, beer, spirits and 
the way it is used (binge drinking or moderate consump- 
tion regularly at meals) opposite effects can be observed 
on CHD and other health problems. Thus recommenda- 
tions should be similar to the 1995 US dietary guidelines 
for America ns: l lf you drink alcoholic beverages, do so in 
moderation, with meals and when consumption does not 
put you or others at risk' 332 .. 

Dietary fatty acids and serum cholesterol 

As .shown in human and several animal species, feeding 
increasing amounts of cholesterol alone results only in 
modest increases in serum LDL-cholesterol or total 
cholesterol. By contrast, with a constant intake of 
cholesterol, increasing th = amount of a triacylglycerol 
containing predominantly SFA, results in an increased 
response of serum cholesterol. This effect is suppressed if 
UFA replace the SFA of the triacylglycerol. 

Thus, these observations indicate that cholesterol and 
LDL-chulesterol in blood ire increased to some extent by 
the intake of cholesterol, "^ut that it is predominantly the 
amount and type of fat which determine their blood level. 
To determine whether all oFA were equivalent to increase 
cholesterol in blood. FA from 6:0 to 18:0 were Ted to 
hamsters 133 . The shorter chain FA (6:0 to 10:0) did not 
Significantly elevate LDL-cholesterol in blood, compared 
io dietary cholesierol alone. These FA are rapidly 
metabolized to acetyl Co A in the liver, and do nut 
change the FA composition of the lipid pools. By contrast 
rhe 12:0. 14:0 and 10:0 FA markedly increased the 
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LDL-cholesterol production and its concentration in 
plasma. By contrast, 18:0 r although it became enriched 
in liver, did not change the production rate of 1&0 and 
did not alter the plasma level of LDUcholesterol. Similar 
results were obtained in human studies. Thus it seems 
that the only FA biologically active concerning LDL- 
cholesterol are 12-.0, 14:0 and 16:0, while 18:0 is 
biologically neutral. 

When 18:1 (9-cis) (OLA) was given to animals in the 
same studies as above, the LDL-cholesterol production 
rate was reduced as well as the LDL-cholesterol concen- 
tration. By contrast, the same FA with a trans configuration 
18:1 (9-trans) (Elaidic acid) did not lower the plasma level 
of LDL-cholesterol. 

Because early studies suggested that LA was more 
potent than OLA to lower serum cholesterol when 
compared to SFA, the first equations to calculate the 
effects of dietary FA on plasma total cholesterol, 
considered only SFA and PUFA. 

Keys et al} 34 -. ATC = 1.2 (2 SFA - PUFA), 18:0 being 
excluded from SFA. 

Hegsted et al} 55 : ATC = 2.10 SFA - 1.16 PUFA 

Recently these equations have been revisited taking 
into account the lowering effect of OLA (MUFA) and even 
of (18:0) stearic acid 

Mensik and Katan 136 : ATC = 1.51 SFA - 0.12 MUFA - 
0.60 PUFA 

ALDL-c - 1.28 SFA - 0.24 MUFA - 0.55 PUFA 

Derr et a/. 137 : ATC = 2.3 (14:0) + 3.0 (16 : 0) - 0.S 

(18 : 0) - 1.0 PUFA 

ALDL - c = 2.6 (14 : 0) + 2.9(16 : 0) - 0.5 (18 : 0) - 0.7 

PUFA 

All these equations have been obtained in metabolic 
ward studies and are all consistent with our present 
knowledge. Nevertheless, they only give indications on 
the short term level of serum cholesterol (and LDL- 
cholesterol) that can be expected from the dietary habits. 
They are not able to give the real risk of CHD since there 
are many additional factors involved in that risk. 

TTXTbtal cholesterol 

LDL-c=LDL-cholesterol 

Dietary prevention of CHD 

Once dietary risk factors are discovered, mechanism of 
their effects elucidated, before public health recommen- 
dations it still remains to test, in randomized intervention 
trials, the dietary factors involved to be reasonably certain 
of their eventual beneficial effects. It is only intervention 
trials that offer the best chance of directly answering 
whether or not diet can reduce rhe risk of CHD and other 
diseases. Soon after the discovery of the positive relation- 
ship between saturated fats and CHD. intervention trials 
were set up to verify through a relatively simple diet 
manipulation whether saturated fats were really rhe 
villain. In the l960\s two comparable secondary prevent ion 
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trials were organized to prevent recurrences and death in 
400 coronary patient, each and lasted 5 years. The Leren 
trial 43 observed a significant lowering of coronary events 
but not of total mortality or sudden death. The Morris 
trial 44 although similar to the Leren trial in terms of diet 
modification and lowering of cholesterol 06% for Morris 
vs 14% for Leren) did not observe a significant reduction 
either of coronary events or of cardiac or total mortality. 
The diet recommendations were to decrease as much as 
possible the intake of saturated fats and to use mostly 
soybean oil for preparing food. Apparently, the subjects 
were sticking to the diet since their cholesterol was 
lowered similarly in the 2 trials. In these studies, the 
polyunsaturated/saturated ratio (P/S) was increased from 
0,2-0.3 to more than 1.8 i.e. a large intake of PUFA to 
replace SFA. 

A conclusion of i:hese studies was that in secondary 
prevention, once the patients had already CHD, it was too 
late to try to prevent by dietary manipulations coronary 
events and death since atherosclerosis is a long lasting 
pathologic process. Thus, additional trials in primary 
prevention we're set up as briefly shown in Fig. 3. Of 
special interest was the primary prevention of the 
Minnesota Coronary Survey because the dietary changes 
were similar to the previous secondary trials with a P/S 
ratio of 1.6 in the experimental group compared to 0.3 in 
the control group 42 . Also, it was a double blind 
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randomized trial on 9 057 subjects in psychiatric hospitals 
in Minnesota i.e. the ideal conditions for a trial. After 4.5 
years of follow-up, serum cholesterol was lowered by 
15% in the experimental group compared to controls, 
similarly to the Leren and Morris secondary trials. 

Concerning coronary events and all-cause mortality, 
they were increased by 8% in the experimental group. 
These results do not suggest that diet, especially dietary 
SFA, are not related with CHD but rather that the type of 
diet proposed, not used by any population in the world, 
was not better to prevent CHD than the diet used in 
Western Countries at that time. 

In the meanwhile, Hjermann and Leren in Oslo had 
settled an additional trial, this time in primary prevention, 
but in subjects at risk because they smoked and were 
hy percholesterole mtc 1 33 . 

The .diet intervention was combined with a decrease in 
smoking but apparently the effect was due mainly to the 
dietary habits. In the experimental group coronary events 
were reduced by 44%, cardiac death by 59%. sudden 
death by 69%, all cause mortality by 39% after a follow-up 
of 102 months. The diet recommendations were to 
decrease the intake of SFA without being replaced by 
PUFA, to use more bread, more vegetables, lean meat, more 
fishes and fruit for dessert. In the first report, the P/S ratio 
mentioned for the experimental group was 1.01 with 8,2% 
of calories supplied by saturated fat. After reevaluation, 
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Fig. 3 The main dietary intervention trials to prevent CHD. Total and cardiovascular (nol shown) mortality were significantly lowered onty 
when the intake of n-3 FA was increased. Non fatal Ml may be lov/ered. primarily when the n-3 FA is ALA (the Lyon study) as also observed 
in recent prospective studies* 6 * 47 . Nevertheless In the Lyon and Hjermann trials the higher intake of vegetables and fruits may have 
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the P/S ratio was only 0.7 31 and serum cholesterol 
lowered by only 10%. Thus the Hjermann trial was the 
first to really demonstrate a significant reduction in CHD 
by a somewhat palatable diet more comparable to diet 
used by populations with low mortality rate from CHD. 

Since in the 1980's it was dear that coronary thrombosis 
was the main factor responsible for myocardial infarction, 
before undertaking our own trial 9 we determined first In 
human populations, what diet was the most efficient to 
lower platelet reactivity (aggregation, coagulation). As 
shown in French farmers 40 ' 108 it was not a diet low in SFA 
and rich in PUFA, especially in LA even if it was the easiest 
way to lower serum cholesterol. It was a Mediterranean 
type diet used in South of prance and we reproduced its 
effects in Moselle, in Eastern France* 0 . 

The fat composition of the diet to decrease platelet 
aggregation to all agonists consisted of moderate changes 
with 10% of energy from saturated fat, a P/S ratio of 0.6 
(PUFA, 6% energy) and a ratio of LA/ALA 5/1. It was not 
far from the diet used in Cr^te, associated with the lowest 
mortality rate from CHD among the 16 groups of the 
Seven Countries 1 and the greatest life expectancy in the 
Western World 139 . It included a somewhat high intake of 
ALA as shown by the fatty rcid composition of cholesterol 
esters in Crete compared to Netherlands 140 . 

In the Lyon trial on 600 coronary patients 9,10 , to stick 
more closely to the Crec<: diet, it was advised to die 
patienis to adhere to the following suggestions 10 . 

1. more bread, 

2. more vegetables and legumes, 

3. more fish, 

4. less meat (beef, lamb, pork) replaced by poultry, 

5. no day without fruit, 

6. no more butter and cream, to be replaced by a special 
margarine made out of rapeseed oil and to switch 
from sunflower oil or similar oils rich in LA to olive oil 
or rapeseed oil. 

The special margarine used in the intervention trial had 
been designed already for the Moselle study 40 . Its FA 
composition (Fig. 1) was very close to that of rapeseed 
(canola) oil. It is also somewhat similar to that of olive oil. 

In Crete, olive oil is used with all meals including 
breakfast, on bread, with coffee. At present in France, it is 
difficult \a have olive oil with ull meals. Thus to have 
patients accepting to svv.Lch from butter and cream to 
another type of fat. margarine had to be supplied with a 
composition similar to olive oil. Rapeseed oil was selected 
because it is the only oil very similar to olive oil but in 
addition it contains more ALA than olive oil (6-8% instead 
of 1V> that In Crete is supplied by different foodstuffs 
such as purslane, snails, walnuts and others. 

Concerning dairy products, only cheese, yogurt, 
fermented dairy products in general, especially low fat. 
were i-noiuniged. A modersne intake of wine was also 
suggesit.'d. 
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After a mean follow-up of 27 months, non fatal Ml and 
cardiac death were reduced by more than 70% with the 
Mediterranean type diet compared to controls with a 
prudent diet. Serum cholesterol t triglycerides, HDL and 
LDL cholesterol, Apoprotein A and B, LipoproieinCa) were 
identical in the 2 groups. 

In addition, there were 8 sudden deaths in the control 
group and none in the experimental. Additional throm- 
botic events such as unstable angina, stroke and 
mromboembolism were also reduced by more than 
70%. By contrast stable angina, more closely related to 
the severity of atherosclerosis, thus to serum cholesterol, 
was only reduced by 28% in the recent evaluation after 4 
years 141 . 

It can be considered if confirmed, that the Lyon diet 
heart study reproduces, in France, the striking protection 
of the Cretans for CHD and also all cause mortality, 
essentially with an adaptation of their diet since medical 
treatment was identical in the two groups. As in Crete 
compared to other Mediterranean groups 1 , serum choles- 
terol in Lyon was not lower in the experimental group 
than in the control 9,10 . In the experimental group, the 
intake of saturated fat was lower (8% of energy vs 10.6%) 
especially stearic acid, as confirmed by the FA composi- 
tion of plasma. The intake of OLA was higher by 40% and 
the ratio of LA/ALA was 23/1 in controls versus 4.5-5. 0/1 
in the experimental group with an ALA intake of 2 g/day. 
The experimental group also consumed more bread, 
legumes, vegetables and fruits, while fish consumption 
was similar in the two groups. 

A key factor in the protection observed in the 
experimental group may be the intake of ALA 141 , 
probably similar to that in Crete as evaluated from the 
level in plasma 140 . Also of interest is that a high level of 
ALA has also been found in Japan 142 and in Canadian 
Inuits 143 , two populations known for their protection 
from CHD usually attributed to fish consumption. It has 
also l>een found in 3 prospective studies as the only fatty 
acid inversely related to non fatal 46 ' 47 or fatal Ml 48 ALA 
supplied under the form of rapeseed oil, was the most 
efficient FA at least in rat, to prevent ventricular fibrillation 
and sudden death 24,25 . We found that it was also the only 
FA associated with lower platelet reactivity 40 in confirma- 
tion of The pioneer work of Owren on platelet adhesive- 
ness 144 . 

The work of Singh a! at. } in India, obtained results 
comparable to the Lyon diet heart study to prevent 
recurrences after an MI. with a diet rich in vegetables and 
fruits 145 or with n-3 FA 146 . Finally, in Finland, between 
1972 and 1992. the sharp decline in CHD appears to be 
the result of changes in die main risk factors, attributed to 
diet modification. 

In brief, these dietary changes c» insisted: 

1. in switching from high fat to low- fat milk, now used 
by 80% of the population. 
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2. replacing butter on bread by vsoft margarines, 

3. using rapeseed (canola) oil for cooking and in the 
margarine industry, 

4. increasing continuously over the years the consump- 
tion of fish and cheese, 

5. increasing consumption of fruits (x2) and vegetables 
(x3). 

Thus the changes in the dietary habits that took place in 
Finland during the l&st pan of this century were very 
similar to those of the experimental group in the Lyon diet 
Heart Study. 

Concerning the public health implications of the diet 
recently designed to effectively prevent CHD, it is 
interesting to note that such dietary changes at the level 
of the Finnish population have been associated with an 
enjoyable decline of ;>5 to 68% in the mortality rate from 
CHD over a period of 20 years. During that period, CHD 
mortality in Finland, once the highest in the Western 
World, declined markedly (up to 80% in 40-50 years old 
men) in such a way it is now similar to that of UK or 
USA 147 . Apparently it is more than can be explained by 
the main risk factors 115 i.e. smoking, blood pressure and 
cholesterol, the last two being markedly influenced by 
diet. Of additional interest is that, at least in intervention 
trials 9,145 , these dietary protective effects occur rapidly i.e. 
within a few months after diet modification, owing to 
direct effects on thrombosis and cardiac (sudden) death, 
independently of serum cholesterol as shown by human 
and animal studies. 

In addition to ALa and other n-3 FA, many nutrients 
may be involved in the protective effects of diet as 
summarized in Fig. 4. Of additional interest is that such 
dietary changes were also associated with a drastic 



reduction in cancer mortality, both in Finland and In the 
lyon trial 51 . 
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Abbreviations 


ACAT 


acetyl CoA cholesterol acyltransferase 


ADP 


adenosine diphosphate 


ALA 


alpha-linolenic acid 


CHD 


coronary heart disease 


DHA 


docosahexaenoic acid 


FA 


fatty acids 


EPA 


eicosapentaenoic acid 


HDL 


high density lipoproteins 


LA 


linoleic acid 


LDL 


low density lipoproteins 


LDL-C 


LpL cholesterol 


LPCa) 


lipoprotein a 


Ml 


myocardial infarction 


MUFA 


monounsaturated fatty acids 


n-3 FA 


family of fatty acids derived from alpha li- 




nolenic acid (18:3 n-3) 


n-6 FA 


family of fatty acids derived from linoleic 




acid (18:2 n-6) 


OLA 


oleic acid 


PUFA 


polyunsaturated fatty acids 


P/S 


polyunsaturated/sa turd ted fatty acids 


SFA 


' saturated fatty acids 


TC 


total cholesterol 


TFA 


trans fatty acids 


UFA 


unsaturated fatty acids 


VLDL 


very low density lipoproteins 



Pathologic Phenomena 



Clinical Manifestations 



Atherosclerosis 



Stable Angina 



Thrombosis 
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Ventricular 
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Myocardial Infarction 
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Fig 4 Nutrients with demonstrated or possible linfcs with CHD clinical manifestations. Evidence: (1) reasonable; (2) to be confirmed. 
Abbrevations: ALA = alpha-Hnolenic acid. Alco = alcohol. DHA = docosahexaenoic acid. EPA - eicosapentaenoic acid, LA = linoleic acid, 
OLA = oleic acid, PUFA ~ polyunsaturated laity acids, SFA = saturated fatty acids. TFA = trans fatty acids 
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